INTRODUCTION {#sec1-1}
============

Prostate cancer is the most common cancer and the third most cause for cancer-associated death in men.\[[@ref1]\] Various positron emission tomography (PET) studies are available for prostate cancer which target various molecules, metabolisms, synthesis, or receptors with various degrees of success at detecting primary tumor and metastatic disease and assessing response to treatment. Among these, F-18 fluorodeoxyglucose (FDG) assesses the glucose metabolism, F-18 sodium fluoride (NaF) evaluates osteoblastic activity, radiolabeled choline (F-18 choline or C-11 choline) is a marker of cell membrane proliferation which is phosphorylated by choline kinase to form phosphorylcholine, followed by generation of phosphatidylcholine in the tumor cell membrane, C-11 acetate incorporates into intracellular phosphatidylcholine membrane microdomains following conversion to acetyl-CoA and then to fatty acids, F-18 fluoro-5α-dihydrotestosterone binds to androgen receptors, C-11 methionine assesses the amino acid transport and protein synthesis, F-18 fluciclovine assesses the amino acid transport, and gallium-68 prostate-specific membrane antigen (Ga-68 PSMA) ligand has high affinity to human PSMA.

Bone scan is widely used in the management of prostate cancer in the detection of bone metastases. Currently, NaF PET/computed tomography (CT) bone scan has significantly replaced standard bone scintigraphy. Ga-68 PSMA ligand PET/CT has gained high attention for accurate staging of primary prostate cancer and restaging after biochemical recurrence.\[[@ref2][@ref3][@ref4]\] FDG PET/CT is not commonly used in prostate cancer and its use is limited to staging patients with aggressive primary tumors or localizing the site of disease in a small fraction of patients with biochemical failure and negative conventional imaging studies.\[[@ref5]\] FDG-PET is useful for assessing response to treatment and prognosis in patients with castrate-resistant metastatic prostate cancer.\[[@ref5][@ref6][@ref7]\]

In this article, we will present FDG, NaF, and PSMA PET/CT images to assess response to treatment in a patient with prostate cancer.

CASE REPORT {#sec1-2}
===========

A 71-year-old male initially presented with elevated prostate-specific antigen (PSA) of 190 ng/ml and multiple lung nodules on CT of the chest in June 2015. Biopsy from the prostate gland was performed. FDG PET/CT study 2 days after the biopsy showed hypermetabolic nodule in the left lung with SUVmax of 1.9, which further increased to 5.5 on delayed images and heterogeneously increased bone marrow uptake which was suspicious for diffuse bone metastases and moderate uptake in the prostate gland (SUVmax: 5.8) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. Biopsy result from the prostate gland was consistent with prostate cancer. NaF PET in July 2015 showed widespread bone metastasis \[[Figure 1](#F1){ref-type="fig"}\]. Clinical stage based on PET and radiological studies was T3bN1M1. The patient was placed on chemotherapy. PSA became 4.4 ng/ml with chemotherapy, but it was stopped in February 2016, due to liver toxicity, and hormone therapy (HT) was started. Because of rising PS (10 ng/ml), while on HT, FDG and NaF PET studies were ordered in May 2016. FDG PET showed resolution of uptake in the lung nodule and significant reduction of the bone marrow hypermetabolic activity but persistent uptake in the prostate gland (SUVmax: 8.4) \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. NaF PET/CT study showed widespread bone metastasis with slight reduction in osteoblastic activity of some lesions with overall stability in other lesions as compared to prechemotherapy NaF PET/CT scan \[[Figure 1](#F1){ref-type="fig"}\]. To better assess residual disease, Ga-68 PSMA PET/CT scan was also obtained which showed uptake in the prostate gland as well as in several bones and pelvic lymph nodes \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. The patient continued to receive HT, but PSA continued to rise to 99 ng/ml. Ga-68 PSMA PET/CT study in November 2016 showed the progression of disease with increase in the number of metastatic lesions in the bone and lymph nodes with diffuse uptake in the prostate gland \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. The patient was referred to another hospital for Lu-177 PSMA treatment.

![Fluorodeoxyglucose, sodium fluoride, and prostate-specific membrane antigen positron emission tomography maximum intensity projection images before and after treatment](WJNM-17-207-g001){#F1}

![Selected transaxial and sagittal fluorodeoxyglucose and prostate-specific membrane antigen positron emission tomography/computed tomography fusion images demonstrating uptake in the prostate gland and bones](WJNM-17-207-g002){#F2}

DISCUSSION {#sec1-3}
==========

In our patient with widespread bone metastases on NaF PET scan, there was only mild reduction with mainly persistent osteoblastic activity after chemotherapy. Based on NaF PET images only, we can say findings are due mild response to treatment with significant residual disease. However, when comparing and correlating postchemotherapy NaF with FDG PET which showed significant reduction in metabolic activity of bone and bone marrow disease, we can now say that significant portion of persistent osteoblastic activity on NaF PET is likely due to bone repair in the region of the treated disease or decreasing flare uptake 3 months after chemotherapy. On the other hand, FDG PET findings (mild residual bone and bone marrow activity) cannot determine whether there is mild residual disease or reactive bone marrow changes. Obtaining Ga-68 PSMA PET study helped to confirm the amount of residual disease in this patient. However, it would be valuable to have a prechemotherapy Ga-68 PSMA PET and compare the amount of metastatic disease in bone and soft tissues with the extent of the disease identified on prechemotherapy FDG and NaF PET studies.

Bone scans, either with NaF PET or bone scintigraphy, have limited value at evaluating response to treatment as they show the osteoblastic reaction or response to tumor infiltration, not the tumor itself. Osteoblastic activity as a result of bone healing or flare response can cause false-positive diagnosis of disease progression or residual disease.\[[@ref8][@ref9][@ref10][@ref11]\] Flare response is considered when metastases on bone scan remain stable or show progression despite other parameters indicate response to treatment. Flare is probably caused by an increase in blood flow due to an inflammatory response or an increased turnover of hydroxyapatite in the new bone laid down as part of the healing process.\[[@ref12]\] Flare phenomenon lasts 6--12 months after chemotherapy.

It is well known that FDG PET has limited value in detecting osteoblastic metastatic disease.\[[@ref13]\] In our case, NaF PET clearly showed the more extensive involvement of the bone than FDG PET did. However, at treatment response assessment, FDG PET provided better result than NaF PET. The advantage of FDG over NaF is that FDG shows tumor itself, but NaF demonstrates osteoblastic reaction or response to tumor. At response assessment to abiraterone (HT) and cabozantinib (inhibitor of the tyrosine kinases) in patients with castrate-resistant prostate cancer, FDG PET/CT provided better results than NaF PET/CT and standard imaging.\[[@ref6]\]

Recent studies showed promising results with Ga-68 PSMA ligand in detecting metastatic disease in both soft tissues and bone.\[[@ref14][@ref15][@ref16]\] In a patient with bone metastases and progression after Ra-223 treatment on both Ga-68 PSMA and NaF PET, it was not clear if the increased uptake was due to flare or disease progression on NaF PET.\[[@ref17]\] Authors suggested that Ga-68 PSMA PET may be superior to F-18 NaF PET for the evaluation of therapy response to Ra-223 therapy in bone metastases. In a recent study, Ga-68 PSMA-11 PET resulted in a major change in management in 53% of patients with biochemical recurrence.\[[@ref18]\] In patients with PSA levels below 0.2 ng/dL, 7 of 12 patients had disease detected on PSMA PET scan, five of whom had a major change in management in the same study.

CONCLUSION {#sec1-4}
==========

In our patient with prostate cancer and extensive bone metastases who had multiple PET images before and after treatment, NaF PET was clearly superior to FDG PET for demonstrating amount of bone metastasis. On the other hand, FDG PET provided a better result than NaF PET for assessing response to treatment, but PSMA PET was superior to both NaF and FDG PET studies for demonstrating amount of residual disease. It appears that Ga-68 PSMA PET is helpful in differentiating flare from stable or progressive metastatic bone disease in cases with indeterminate bone scan.
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